Abstract Introduction: The present study proposes a new scientific project for the seat of a wheelchair, suggesting that, through the properties of a three plan mobile seat, the pelvis of individuals with neuromotor dysfunctions may position themselves adequately, allowing a chain effect, with innumerable benefits to the users, such as prevention of deformities, of muscle shortening, of pressure ulcers and improved functionality. In spite of innumerable wheelchair models available in market, none presents the ample properties resembling the articulated seat, allowing the pelvic alignment that is crucial for the adoption of an adequate posture. Methods:
Introduction
Cerebral Palsy (CP) is defined as "[…] a disorder of movement and posture due to a defect or lesion in the immature brain." (Bialik and Givon, 2009, p. 1) . Children with cerebral palsy often use wheelchairs with special adaptations, aiming to improve posture and help prevent deformities. The Posture influences the cardiorespiratory function, the distribution of pressure points, the performance of the digestive tract, sleep and pain (Hägglund and Wagner, 2008; Vekerdy, 2007) . In addition, a proper postural alignment could promote functionality and maximizes patient comfort (Hatta et al., 2007) .
The position in which an individual is with a good body alignment is called neutral posture. In this posture an individual remains more relaxed since muscles do not need much effort to keep it. However, it is not an idle position, since in this state the person is ready to act (Zollars, 1996) . The neutral posture is a reference for therapists who customize wheelchairs and it is expected that the individual in this posture is with the pelvis neutral (slightly forward) and weight on the ischial tuberosities, straight trunk, but with physiological curves preserved, hip and legs apart about 5-8° from the midline, knees and ankles joints with angles of 90° and feet resting on the support surface (Berger et al., 1990) . Moreover, the head should be upright in the midline, allowing a view of the environment, shoulders relaxed and arms free to move and perform functions (Berger et al., 1990) .
The position of the pelvis can tell us about the degree and the distribution of muscle tone of the individual (Holmes et al., 2003) . Most spastic individuals (high tone) has a posterior pelvic tilt when seated normally, indicating an excessive activation of the hip extensor muscles, unlike a forward pelvic tilt usually indicates a very low tone (Holmes et al., 2003) .
Observing a person with posterior pelvic tilt (Figure 1 ), for example, it's possible to realize the influence of the pelvis in the entire body positioning. The lower limbs tend to adduction and internal rotation with a concomitant knee extension and plantar flexion as an extensor pattern that started at the hip (Berger and Colangelo, 1982) . This backward tilt of the pelvis also gives the individual a feeling of being "back" in space, unloading weight on the sacrum, and because of that this person tries to bring his body forward, tilting his torso with kyphosis, and hyper extending the neck to compensate for the thoracic kyphosis (Berger and Colangelo, 1982) .
Similarly, when the pelvis is tilted forward, righting reactions and equilibrium responses should result in extension of the head and trunk (back and torso head) and flexion of the hip and knee, as shown in Figure 2 (Cholewicki et al., 2000; Su-Fen et al., 2003) .
The positioning of the pelvis affects the function of the trunk, head, neck, upper limbs and influences the activation of muscle reflexes, since it provides a support base for the proximal segments of the body in the sitting posture (Batavia et al., 2001) . Correcting pelvic alignment it's possible to alter the whole body positioning, resulting even in improvement of the hand function. Therefore it is essential that any evaluation in the sitting posture begins with the pelvis and that any intervention starts for its correction (Berger and Colangelo, 1982) . Several researches continue to investigate the positive and negative aspects of the custom adaptations by the wheelchair seating services and of the commercial models of wheelchair available on the market to assist the positioning of wheelchair users. In addition, new models are often proposed, but these have not emphasized the pelvic positioning, so they became ineffective or palliative. Since the pelvic alignment is crucial for the adoption of a proper sitting posture (Van Geffen, 2008a , 2008b , more cautious and creative seats projects, as well as pelvic support components are needed in order to obtain an optimized pelvic positioning.
Seeking to contribute to scientific and technological advancement in this area, this study aimed to propose a specific new design for wheelchair seat able to promote a better pelvic alignment and consequently adequate pressure distribution in sitting posture and to test it from its ability to redistribute the pressure in the gluteal region by varying its position.
Methods
This study developed the articulated wheelchair seat and tested its ability to alter the pressure distribution in the gluteal region, by changing its position in the frontal and sagittal planes, and using intensity maps as a resource for analysis. All the measuring system used to observe the distribution of pressure in the gluteal region in sitting posture consists of the articulated seat, 27 FSR sensors (Force Sensing Resistor) arranged along the surface of the seat (340 × 340 mm) and the data acquisition system associated with the software for processing and displaying the results.
The articulated seat
The seat was mounted on a ball and socket articulation. This joint is composed of two components, one convex and the other concave. The concave portion is fixed to the mobile platform where FSR sensors are arranged and the convex part is fixed to the frame of the wheelchair. This device installed centrally allows movement on the three planes (frontal, sagittal, transversal) independently or combined (precession).
The design includes the placement of adjustable mechanical limiters responsible for defining the maximum range of movement on the sagittal and frontal planes independently, as well as to control the rotation and the multi axial movement, therefore making the movement compatible to that which is desired. There are also springs around each backstop ensuring that the movements of the seat will be smooth. The articulated seat for wheelchair has a patent required under registration number PI-0504703-0 (Volpini et al., 2007) .
The mechanical part of the system can be better understood by means of the drawing of Figure 3 , basically composed of ten components: 1) Ball and socket articulation; 2) Flange of the concave part (2.1) and of the convex part (2.2) of the ball and socket articulation; 3) Platform that supports the plywood with the FSR sensors, where is fixed the concave part of the Ball and socket articulation; 4) Hollow screw which regulates the preload of the spring; 5) Spring: for this study, specifically, springs were not used, since the positions evaluated were only static postures of individuals, but the calculations and the dimensions of them were determined; 6) Spring support "Cup" (external diameter: 34 mm, internal diameter: 26 mm, height: 50 mm); 7) Seat of plywood with 10 mm thick; 8) Screw that regulates the mechanical limiters; 9) Mounting of the spring box with the screw that adjusts the spring pre-tension and with the other screw that regulates the mechanical limiter; 10) FSR sensors. .2) fastening flange of convex portion, (3) platform that supports the plywood, (4) screw that adjusts the preload spring, (5) spring, (6) spring support device, (7) wooden seat, (8) screw that regulates de mechanical limiter, (9) spring-screw device assembly, (10) FSR sensors.
Data acquisition system and capture software
The data acquisition system reads electric tension that comes from the Force Sensing Resistor (FSR) and converts these signals in equivalents values of force. Force Sensing Resistor (FSR) is a compact device, that shows a decrease in electrical resistance with an increase in the applied force on its surface (resistance is inversely proportional to the strength). In total, 27 FSR sensors were distributed over the surface of the seat (340 × 340 mm).
To view the results by LabView® software, intensity and surface curves with interpolation routines were used. calculates an anti-image matrix of covariance and correlation. All diagonal elements of this matrix must be greater than 0.5, if the sample is adequate (Campos, 2000) . Based on these conditions a solution with five Factors described in Figure 4 was obtained. The results show a good correlation between the Factors and the variables selected.
It is shown that the way in which the sensors are positioned tends to produce consistent results which generate the configuration obtained by EFA. The EFA also has good application conditions with Kaiser-Meyer-Olkin Measure of Sampling (KMO) which value is 0.872, close to the value of 0.900 that is excellent, showing that the sample is large enough to produce reliable results. Those sensors that not grouped generated Factor 6 and the sensor 18 was excluded from the analysis because it did not cluster with any of the others. Based on the results of the EFA an average of the pressures measured in each one of the six Factors described previously was calculated.
To check for differences between the measured mass in each one of the six Factors of the chair, for 
Clinic methodology
The study involved the participation of 34 typical adults individuals, in other words, without neuromotor dysfunction, aged 20 to 50 years, female and male, with mass between 50 and 70 Kg. This population was selected randomly, for convenience, through the dissemination of the research in classrooms in the Department of Physiotherapy, Occupational Therapy and Physical Education, of the Federal University of Minas Gerais. The mixed sample (men and women) was chosen since, in both genders, proper sitting position (neutral position) is the same, defined as the situation in which the body weight is transferred to the chair seat by ischial tuberosity and soft tissue of the gluteal region, as well as to the ground through the feet. In this posture, compensatory movements are prevented, the loads are properly distributed and energy is conserved (Marques et al., 2010) .
The participation of subjects aimed to assess the ability of the new articulated seat to redistribute pressure on the gluteal region, when adjusted properly seated posture.
The exclusion criteria were: -Individuals with neuromotor dysfunction (neurological damage) or spinal curvatures deviations (scoliosis, kyphosis, lordosis) that could change the measurement results; -Individuals outside the mass range between 50 kg to 70 kg. Participants were evaluated by static postural inspection, in all three planes, to verify the absence of the spinal curvatures deviations. 
Evaluation measures and procedure
A protocol was established to ensure the standardization of research. It was requested that participants sit with their hands on the thighs, with horizontal gaze. The footrest was adjusted so that the angles between the torso and thigh and between the thigh and leg were equal to 90°. The data collection consisted of data acquisition of the pressure distribution in the gluteal region of the participants in five different seat positions. Over the measurement system was located a foam of 340 × 340 mm, density D60 and 5 cm thick, in which participants sat down and this allowed the proper reading of the sensors.
Five measurements for each of the five positions (adjustment) of the seat were performed (Caling and Lee, 2001; Defloor and Grypdonck, 1999; Hobson, 1992) . They are: 1) seat without inclination, 2) 15° tilted forward, 3) 15° tilted backward, 4) 15° to the right; 5) 15° to the left.
Above 15° of pelvis tilt, individuals with righting reactions, simultaneously start trunk flexion in an attempt to maintain balance against gravity due to changes in body orientation. Thus, it can be said that above 15° of pelvic tilt the movement is not only from the hip but also from the spine (Cholewicki et al., 2000) . Therefore, the maximum angle of adjustment of the seat in all planes was defined by 15° to ensure that the alignment would be only pelvic, but keeping the trunk free to make equilibrium responses and the righting reactions necessary for postural maintenance. These positions of the seat can be seen in Figure 5 . All the seat's angles were measured by an Angle meter, 3 ½ inches, from Dasco Pro Inc. and by a wood level of 14 inches from Famastil with two calibrated bubbles.
According to Gutierrez et al. (2004) , three seconds is the necessary time to occur an accommodation in seated posture. Each one of the five measures was collected after three seconds, because then the accommodation time would be respected.
Variations in the position of the seat aim to promote a better posture alignment and hence better pressure distribution, and greater functionality in neurological patient.
The differences in the pressure distribution in the gluteal region in five different seat positions were compared to the initial position, by analyzing the intensity maps generated as well as through data obtained by the sensors and sent to the analysis software.
Results
The sample size is equal to 34 and was set considering the Central Limit theorem, since this allowed that the average tended to a normal distribution (Hual et al., 2005) . This sample received also a high power effect (for significant effects above 80% in the analysis of variance), which is considered good. However, for some seat positions the power was lower, suggesting that other studies have a larger sample.
Multivariate test
The first global result of this study was obtained through multivariate statistical test that showed that only two variables influence the value of the mass measured in the different Factors of the chair. These variables are: a) the position (P) of the seat (within-subject factor) and b) the mass of individuals (between-subjects factor).
Analyzing the between-subjects factor (WEIGHT) the Table 1 shows that there is 0% chance of the weight of an individual to not affect the results, which means, the measured value.
Observing the intra-subject factor (position -P), the multivariate test showed that each seat position tends to generate a mass concentration in different regions of the seat or in other words, in different Factors of the seat (p = 0.010).
It is possible to see in Table 1 that considering the within-subjects factor (position -P) there is only a 1% chance of finding equal weights in different seating positions (b < 0.010).
These results were obtained by analyzing and comparing the generated values for the average mass in five different seat positions, and are compiled in Table 2 . The data in Table 2 demonstrate the existence of significant effect (b < 0.010) from the seat position Table 1 . Multivariate tests with the two variables capable of altering the measured values: 1) mass of participants (WEIGHT-between-subjects factor) and 2) sitting position (P-intra-subjects factor). (P-position), that means that the force that is applied in each region depends on both the tilt as the weight of the participant. The multivariate test showed that the chance of finding a different pressure distribution pattern in the gluteal region in different seating positions was huge (94%). The analysis of univariate tests were conducted to verify where specifically these differences occurred, in other words, in which Factors of the chair (Table 3) .
Value
The results in Table 3 show, first, that there are differences between the values measured at each position of the wheelchair (b < 0.05), but it is also possible to observe that when this effect is combined with the weight of the patient, outcomes are altered (b < 0.05). These findings demonstrate that the study results should be adjusted by the weight of the participant to properly extract their conclusions. The Factors or the areas of the wheelchair seat where on which there was a significant effect can be seen in the schematic drawing of Figure 6 , outlined in red. Therefore, differences in the pattern of pressure distribution in the gluteal region occurred only in Factors 1, 2 and 5 (outlined in red). Considering the position (P) where, 1 − corresponds to 15° to the right, 2 − corresponds to 15° to the left, 3 − corresponds to 15° tilted forward, 4 − corresponds to 15° tilted backward and 5 − corresponds to the seat without inclination (flat) and the aforementioned Factors, it's possible to estimate the average mass of the Factors when the difference in weight of the study participants is controlled, in other words, with weights adjusted using the average weight, which corresponds to a value of mass 58 kg.
Delving some more into the results, since it was already known that the pressure was altered and in which Factors this change was significant, it was left to know in which seat positions this change was significant. This is interesting because one Factor considered insignificant to change the pressure in a specific position may have particular significance in Table 2 . Intra subjects effect comparing the average mass found in each of the five positions of the seat. another position P, in other words, the fact of not being significant to change the pressure in one position, does not determine that this Factor does not show significance for any of the five positions.
Intra-subjects effect
Then, to verify in which positions differences between the pressures occur, we applied the t-test with Bonferroni correction, comparing the differences of each Factor in the five positions, which allowed us to conclude that the change in seat position by tuning the wheelchair was able to redistribute the weight of the subjects in different areas of the seat, even when controlling the weight of these individuals. P-seat's position; P*WEIGHT-combination of several mass of participants and seat position; F1, 2 ,3 ,4 ,5, 6-Factors of the seat; F-F test; Std. Dev.-standard deviation; Sig-sig de b < 0.05; *Significant at 5% probability.
Discussion
The results obtained in this study made it possible to analyze only the ability of the articulated seat designed to alter the pressure distribution in the gluteal region, by changing its position in the frontal and sagittal planes in healthy subjects. The likely benefits of this seat as well as the consequences of its use by wheelchair users have not been tested. New research to examine other parameters such as the time of use, the use by individuals with cerebral dysfunction, the angle of tilt of the pelvis, the indications and contraindications, among others, must be performed to properly qualify this device.
The sensors have been calibrated by the method of nonlinear regression using SPSS 15.0 statistic software for statistical data analysis. The nonlinear relationship was dealt as a multiple linear regression using exponential relationship. The estimation of nonlinear parameters was performed by the method of least squares, and the solution of the normal nonlinear equations was obtained by the Gauss-Newton process. Since we wish to express our results in Force, we will use Equation 2 to express the domain with this variable:
It is important to note that the sensors area does not vary and it is equal to 1600 mm 2 . The model demonstrated good average value of the coefficient of determination (R 2 ), which was the considered parameter to check the accuracy of the regression technique. The adjustment values and the estimates of the constants of each one of the 32 sensors can be seen in Table 4 . It's important to note that the electronic system consists of 27 sensors, but in total 32 sensors were calibrated in case there was a need to replace any of them. The data obtained by the calibration of the measurement system show that the lowest value found between the regression lines was 99.1% (Table 4) .
Although these values have been quite satisfactory, the sensors 3, 4, 6, 22 and 24 showed low reliability, possibly due to the variable nature of the object of study, who are people, therefore, with varying responses. However, these sensors were not excluded, since in Exploratory Factor Analysis (EFA), which aimed to group them into Factors facilitating data analysis, they produced consistent results together, grouping properly.
It is interesting to note that the result of EFA generated a distribution of sensors in Factors, which coincides with the physical distribution of body segment analyzed through the measurement system, in other words, with the gluteus and thighs of the participants. It can be observed also that beyond this correlation exists another one related to the body symmetry in right and left sides. These results reinforce the coherence and efficiency of the EFA.
The reliability of the sensors, that is to say the ability of them to generate similar results verifying that the random and systematic errors are small, was tested by the Intraclass Correlation Coefficient (ICC). The interpretation of the values of the ICC can be understood as: ─ 0.4 ≤ ICC <0.75 represents a satisfactory reproducibility of the study; ─ ICC <0.4 means poor reproducibility; ─ ICC ≥ 0.75 says that the reproducibility of the study is excellent (Shrout and Fleiss, 1979) (Table 5) .
Differences existed between the values measured at each position of the wheelchair seat, but this effect was only significant for the Factors F1, F2 and F5. It is interesting to note that two of the three Factors which were not significant have at least one sensor considered unreliable. For example, in Factor F3 all sensors have high reliability, however, the Factor F4 contains the sensor 22 with low reliability and the Factor F6 contains sensors 3, 4, 6 and 24 with low reliability, besides being the group of sensors that not answered satisfactorily in EFA. These sensors with low reliability can be one of the factors that have influenced the significance of their respective Factors.
It is noteworthy that the significance of only the Factors F1, F2 and F5 determine that the articulated seat is able to change the pressure distribution in different positions and situations, even when controlling the weight, so this equipment redistribute the pressure in the gluteal region.
When adjusting the seat, it was observed that each person has an own way of "correcting" the displacement of weight according to its own information from their several systems, and so compensating with different intensities of equilibrium responses of the trunk. It's possible to notice observing the intensity maps available in Figure 5 , that pressure generally increased on the opposite side to the inclination, for example if the seat is tilted to the left, the highest intensity of weight discharge remained on the right side. This probably occurred for two reasons: first because there was greater contact between the body segment and the higher side of the tilted seat, that is to say the right side, and second, because individuals corrected the weight shift using the trunk balance strategy which consists of tilt it to the right.
Taking the horizontal plane (seat without inclination -P-5) of Figure 5 as a reference for analyzing the pressure distributions in the other four seat positions, it is possible to make some interesting observations. First, it can be seen that the intensity maps of the position of the seat without inclination (P-5) are not fully symmetrical for the distribution of pressure. This is because no individual is symmetrical, with one side equal to the other, they are just similar (Buchanan and Horak, 2003; Lanzetta et al., 2004) . Also analyzing the positions 1 -and 2 -of the Figure 5 it can be seen again that the compensation to the right and left sides, resulting from the seat tilt 15° right and left, are different, demonstrating that the pattern of postural correction to one side is not equal to the other one in the same person.
It is interesting to correlate these observations with the Factors significance results. It has been observed in the results a lack of symmetry of them, since F2 (left posterior region) of Figure 5 showed significance to change the pressure distribution and your symmetrically opposite Factor, F3 (right posterior region) didn't show the same significance.
Considering the wheelchairs that are available and commonly found in the Brazilian market, we can appoint three models: Standard wheelchair with closure in X, recliner wheelchair, wheelchair with tilt in space. The wheelchair with closure in X is by far the most widely prescribed worldwide, due to the simplicity of design and consequently low cost, without allowing positioning adjustments (Brubaker, 1986) . The recliner wheelchairs accept adjusts of the backrest angle that can be performed while the user is seated on the equipment, but without possibility to changing the positioning of the pelvis (Berger et al., 1990) .
Wheelchairs with tilt in space allow to be angled backwards as a whole, while the sitting posture of wheelchair remains unchanged, since there isn't change in the angle between the backrest and seat, in other words not changing the position of the pelvis (MacDonald et al., 2009) .
It was observed that, despite the numerous models of wheelchairs available, none of them have the extensive properties similar to the articulated seat, since the pelvic alignment is crucial to adopt a proper posture (Van Geffen, 2008b) . The articulated seat was designed for patients with different types of neuromotor dysfunctions, who need help with body alignment for proper positioning, however emphasis was given to cerebral palsy due to their complexity of impairments.
The results obtained in this study enabled us to analyze only the ability of the articulated seat designed to alter the pressure distribution in the gluteal region, by changing your position in the frontal and sagittal planes in healthy subjects. The likely benefits of this seat as well as the consequences of its use by wheelchair users have not been tested. New research to analyze other parameters such as the time of use, the use by individuals with neuromotor dysfunction, the angle of tilt of the pelvis, the indications and contraindications, among others, must be performed to properly qualify this device. Overall, this paper shows a new method for designing wheelchairs with articulated seats. The tests performed with 34 healthy participants, that is to say without neuromotor dysfunction, demonstrated that the articulated seat is able to redistribute the pressure in the gluteal region after his inclination in the frontal and sagittal planes, however, need for improvements were detected in the mechanical and electronic projects.
It can be said that the objectives of this research were achieved and among the goals that this mechanical design is proposed, not all were been evaluated yet, for example, the rotation and precession movements of the seat as well as its use by wheelchair users.
Other studies should be conducted in order to provide more support for a more careful analysis of the likely benefits of this equipment.
